Abstract: Adding photonic functions to silicon electronics has become an important research theme in the last decade. Here we present an approach based on heterogeneously integrating an indium phosphide based membrane on silicon. Within this membrane we realized a range of photonic functions with competitive performances: lasers, fast detectors, waveguides, filters, couplers, modulators etc. This contribution describes the technologies and the results.
Introduction
The trend towards higher integration densities in silicon electronics is threatened by an impeding communications bottleneck [1] . To avoid this, optical interconnects are proposed, to be combined with electronic chips. This has given rise to the development of SOI (Silicon-On-Insulator) photonics. However, within the SOI-platforms light sources are not possible, hence solutions based on heterogeneously integrating III-V semiconductor devices on SOI are developed [2] . There is a different option: create a III-V photonic layer separate from the silicon. This takes the form of a thin membrane on top of the CMOS-chip [3] . This technique, InP-Membrane On Silicon (IMOS), avoids optical coupling with Si-waveguides. It provides a full set of photonic functions and is implemented with a flexible bonding technique, that provides thermal isolation., IMOS allows small footprint and low power consuming devices. The technique does not interfere with standard processing of electronic circuits. Here we will present the technology that was developed to realize the IMOS devices, as well as the design and performance of various photonic components realized on this platform.
IMOS concept
The basic idea of the IMOS platform is depicted in Figure 1 . Using post-processing techniques a thin membrane of InP is bonded with a polymer (BCB in our case) to an electronic Si-chip. The membrane photonic layer contains both active (lasers, detectors, modulators) and passive (waveguides, filters, couplers, demultiplexers) devices. Only electrical contacts are needed between the electronic and photonic layers, which substantially reduces alignment requirements as compared to optical couplings. The technology developed to realize these membrane circuits is described in [4, 5] . Using optimized E-beam lithography and plasma etching, double sided processing of the membrane and careful bonding to silicon carrier wafers, high quality waveguides and a range of well-performing photonic devices are demonstrated. Here we will present mostly our results on active devices, with a small overview of those obtained with passive ones. Table I reports on a number of the passive devices that have been realized in the IMOS-platform. They showed several record performances for InP-based membrane photonics [3] . General characteristics are the small footprints, as a consequence of the high index contrast in the membrane, and the reproducibility in the realizations, demonstrating the high quality of the developed technology.
Passive devices

Twin-Guide Laser
The twin-guide concept [6] consists of two waveguiding layers: an active and a passive (see Fig. 2(a) ). The two layers are coupled vertically. On the sides of the active layer p and n regions are defined to form an amplifier structure. The advantage of this amplifier is compactness, as compared to other membrane-based amplifiers. The active structure is only 700 nm ×750 nm. This gives a very confined optical mode in the active layer, which is well matched to the mode in the passive waveguide. Therefore the length of the tapers needed to transfer optical power between active and passive waveguide is only 10 µm, with an efficiency of 97%. The amplifier is used to build lasers on the membrane [7] . A fabricated membrane ring laser is shown in Fig. 2(b) . It consists of a 100 µm long twin-guide amplifier, a ring cavity and a 50/50 optical coupler. The laser power in the output waveguide is coupled into an optical fibre with a grating. The membrane laser is operated with pulsed current injection. The laser threshold current is 200 mA. The maximum optical power in the fibre is 135 µW, indicating output power in waveguide of 0.5 mW (considering 6 dB grating coupler loss). The output spectrum is shown in Fig. 2(c) . Single-mode operation can be observed, with 25 dB side mode suppression. This first demonstration shows the feasibility of active-passive integration in a very compact platform. The performance will be further optimized with improved material growth, fabrication technology and laser design. 
UTC-Detector
A high-speed Uni-Traveling Carrier Photodetector (UTC-PD) has been developed in the IMOS platform ( Fig.  3(a) ) [8] . By using electrons with a high drift velocity as the only active carrier, the transit-time constant of the UTC-PD is as low as a few picoseconds. Thanks to the high index contrast of the photonic membrane, a compact device (3×10 µm   2 ) with low capacitance (14 fF) can be created with good efficiency. Furthermore, a novel double-sided processing scheme is used to reduce the series resistance of the device [9] . A 3 dB bandwidth beyond 67 GHz is obtained at a bias voltage of -4 V (Fig. 3(b) ), which is the record value of heterogeneously integrated PDs on silicon. The DC responsivity measured at -4 V is 0.7 A/W at 1.55 µm, and above 0.6 A/W over the entire C-band. The measured dark current is 153 nA at -4 V. This high-responsivity, high-bandwidth UTC-PD promises high speed applications in optical interconnects and telecommunications.
Modulator
A high speed modulator is required in the integration platform to allow high data rate communications. The solution we are developing is based on a slot waveguide, filled with an electro-optic polymer [10] . Figure 4(a) shows the design of a MZI, in which the slot waveguide phase shifters are applied in the branches. A mode converter is used to couple light into this phase shifter (Fig 4 (b) and (c)) [11] . This modulator can provide more than 40 GHz bandwidth with a few Volt driving voltage and a length of 300 μm, with a switching energy of 20 fJ/bit.
Conclusion
An emerging new photonic integration platform is presented, Indium phosphide Membrane on Silicon, which promises the addition of a high-performance photonic layer to standard CMOS electronic chips. Various crucial photonic devices have been demonstrated. Currently the integration of all these devices is under development.
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